Five strains of Micrococcus, representing three species, accumulated trehalose when grown in the presence of glucose. Trehalose was not found in two Staphylococcus species or in Planococcus citreus.
Proton magnetic resonance spectra. Mr G . C . Brophy, School of Chemistry, University of Sydney, obtained proton magnetic resonance spectra using a Varian XL-100 spectrophotometer.
Attempted isolation of glycogen. Two methods were used in an attempt to show the presence of glycogen in M. luteus grown in the presence of glucose. One was based on an extraction of cells with a hot, concentrated solution of KOH followed by precipitation of glycogen from the extract with 70 % (v/v) ethanol (Segel et al., 1965) . The other was based on a method applied successfully to many types of cell and involved the centrifugation at 100000 g for 1 h of a soluble extract of mechanically disrupted cells; glycogen sediments under these conditions (Yamaguchi et al., 1974) .
Isolation of hexose-containing material accumulated when M. luteus was grown in the presence of glucose.
Washed bacteria which had been grown in the presence of 1 % (w/v) glucose were suspended in water (20 mg dry wt ml-l) and the suspension was heated at 100 "C for 5 min. The suspension was cooled, centrifuged to remove insoluble material and the extract was filtered through a Millipore filter (0.22 pm diam.
pores). The filtrate was lyophilized and the dried filtrate (hexose content, 37 %) was dissolved in distilled water (170 mg in 4 ml, representing the yield from 1 1 of culture harvested late in the growth phase). The solution was passed through a column of Amberlite MB-3 (23 cm x 0.9 cm diam.) and the column was eluted with water at 10 ml h-l; 82 % of the hexose-containing material in solution passed through the column without retention. The eluate containing this material was lyophilized. The dried eluate (hexose content, 102 %) was dissolved in 1 ml 10 m-sodium phosphate buffer, pH 7.0, and the solution was loaded on to a column of Sephadex G-10. Hexose-containing material was eluted from the column in a single, sharp peak emerging between the points at which maltotriose and glucose were eluted in a separate experiment. The fractions containing hexose were combined and deionized with Amberlite MB-3 and the solution was lyophilized. The hexose content of the dried material was 102 % and the hexose:glucose ratio was 1 : 1. The reducing value was 0.015 of that given by a similar mass of glucose. Paper chromatography of the material gave a single, major spot with identical mobility to authentic trehalose and a trace of glucose which accounted for the slight reducing properties of the material. Partial acid hydrolysis of the material (1 M-H,SO,, 1Oooc, various times up to 4 h) yielded no compounds other than glucose as detected by paper chromatography.
The material was crystallized from 80 % (v/v) ethanol; its melting point was 97 "C. Authentic trehalose melted at 96 to 97 "C. The protcn magnetic resonance spectrum of the crystalline material in deuterium oxide was identical with that of authentic trehalose.
RESULTS

Hexose content of Micrococcus luteus NCTC 2665
The hexose content of M . luteus NCTC 2665 grown in nutrient broth was consistently 5 to 6 % of the dry weight of whole cells with little variation over the growth and stationary phases. The hexose content increased to 12 to 13 % of the dry weight when the medium contained 1 % (w/v) glucose.
No evidence for the presence of glycogen in M. luteus grown in the presence of 1 % (w/v) glucose could be obtained. Addition of ethanol to an extract of alkali-treated cells produced a precipitate containing little hexose; most hexose in the extract remained soluble and diffused through a dialysis sac. Likewise, centrifugation of soluble extracts from cells disrupted in a Mickle disintegrator produced a sediment containing little hexose; most hexose in the extract remained soluble and was diffusible. Washed cells of M. luteus were suspended in distilled water and the suspension was The hexose-containing material in the extract was purified by chromatography and crystallized, as described in Methods. The compound was found to be of low molecular weight and its melting point, chromatographic behaviour and proton magnetic resonance spectrum showed it to be a,a-trehalose.
Hexose content of other Micrococcaceae
The organisms listed below had uniformly low hexose content (5 to 10 % for organisms 1 to 4; less than 1 % for organisms 5 to 7) when grown in nutrient broth. When the medium was supplemented with 0.5 % (w/v) glucose the hexose contents of all organisms increased, in particular those of organisms 1 to 4. All organisms were allowed to grow in the presence of 0.5 % (w/v) glucose and were then harvested and washed. The washed cells were extracted with hot water and the extracts were examined by paper chromatography. Trehalose was found in copious amounts in organisms 1 to 4 and accounted for most of the extra hexose found in cells grown in the presence of glucose. Organisms 5 to 7 did not contain trehalose.
DISCUSSION
Micrococcus luteus possesses two structural components containing hexose -a glucoserich polysaccharide found in the cell wall (Perkins, 1963 ) and a mannolipid found in the plasma membrane (Scher & Lennarz, 1969) . When the organism is grown in the presence of glucose the hexose content of the cells approximately doubles. This increase is not due to the formation of glycogen. Growth of the organism in media containing glucose does not alter appreciably the amount of hexose deposited in the structural components mentioned above (unpublished observations). Thus, most of the increase in the hexose content of glucose-grown cells is attributable to the formation of trehalose.
Although trehalose is widely distributed in nature, where it serves primarily as a storage material, its occurrence in bacteria is considered rare (Elbein, 1974) . It has been found in the free state in three species of propionibacteria (Stjernholm, 1958) and also in small amounts in the free state in mycobacteria and corynebacteria, but in these bacteria most of the trehalose is in the form of glycolipids (Elbein, 1974) .
The discovery of trehalose in M. luteus widens the range of bacteria in which the disaccharide is found and we have examined seven other species of the family Micrococcaceae for their ability to form trehalose when grown in the presence of glucose. The organisms studied were selected according to the classification scheme for Micrococcaceae used in the eighth edition of Bergey 's Manual (Baird-Parker, 1974) . In this classification there are three genera in the family Micrococcaceae. Five species in the first genus (Micrococcus) all synthesized trehalose. Two species in the second genus (Staphylococcus) and one in the third (Planococcus) did not produce trehalose. Thus, there is a clear phylogenetic pattern in the occurrence of trehalose in Micrococcaceae.
The discovery of trehalose in micrococci recalls the work of Binnie et al. (1960) (1967) established that the survival of Sarcina lutea is not enhanced by the presence of the compound which we believe now to be trehalose. Since trehalose has a low molecular weight it must have a pronounced effect on the osmotic properties of the cell and an alternative function for trehalose is that it serves as an osmo-regulator being formed in response to the lowering of the activity of water caused by the addition of glucose to the medium. We have conducted experiments to investigate these possibilities and the results will be published later.
